i? LEROY G. WADE} 
#JAN WILLIAM SIMEK 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 1 


Chapter 15: Conjugated 
Systems, Orbital Symmetry, 
and Ultraviolet Spectroscopy 
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Conjugated Systems 


Sc=co H ao le 
Se =e SS Ne =—c~ “Sy 
ee me a ~N 
H H 
conjugated double bonds penta-1,3-diene 
(more stable than isolated double bonds) 
Sc" Se=c7 a AN ee 
Ca SS, i my H~ NN “y 
CH; CH; 
isolated double bonds penta-1,4-diene 


*Conjugated double bonds are separated by one 
single bond. 

*Ilsolated double bonds are separated by two or 
more single bonds. 

Conjugated double bonds are more stable than 
isolated ones. 
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Diene Stability 


OPIN FB AN CAH? = -126 KI (30.1 kcal) 
pent-1-ene 
H, 
POG, AH? = -114kJ (-27.2 kcal) 


trans-pent-2-ene 


Heats of hydrogenation are used to compare the 
relative stabilities of alkenes. 
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Heat of Hydrogenation of 
Conjugated Bonds 


AN + ANNAN =F BS I™ 
pent-1l-ene trans-pent-2-ene predicted 
Predicted: -126 kJ + -114kJ = -240 kJ (-57.3 kcal) 
2H 
ee SS, = we BORG, actual value -225 kJ (-53.7 kcal) 


more stable by 1SkJ_ (3.6 kcal) 


trans-penta-1 ,3-diene 


eFor conjugated double bonds, the heat of 
hydrogenation is less than the sum for the 
individual double bonds. 


*The more stable the compound, the less heat 
released during hydrogenation. 


Conjugated double bonds have extra stability. 
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Relative Stabilities 


cumulated terminal 
diene alkyne 
=o =~ ; 
penta- | ,2-diene =e internal 
—— pent ne alkyne 
= 
292 kJ pent-2-yne 
(69.8 kcal) isolated 
Et 291 kJ diene 
Fy (69.5 keal) Gore isolated 
a 275 kJ penta- | ,4-diene diene 
o (65.8 keal) aw ; 
8 trans-hexa-1,4-diene conjugated 
2 252 kJ diene 
os (60.2 keal) 240 k a a 
( on ea trans-penta- | ,3-diene 
“ 225 KI 
a (53.7 kcal). 
¥ ¥ ¥ ¥ v ag 
energy of the alkane (pentane or hexane) 
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Structure of Buta-1,3-diene 


small amount 
of overlap 


partial double 
bond 


134A i 1 


iL 7, as 
| i4sA | 134A 
H H 


*The C2—C3 single bond is shorter than 1.54 A. 
¢Electrons are delocalized over the molecule. 


°There is a small amount of overlap across the 
central C2—C3 bond, giving it a partial double 
bond character. 
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Molecular Orbitals (MOs) 


°All atoms of buta-1,3-diene are sp? hybridized with 
overlapping p orbitals. 


*Each p orbital has two lobes with the wave 
function indicated by plus (+) and minus (-) signs 
(not electrical charges). 


eWhen lobes overlap constructively (+ and +, or - 
and -), a pi bonding (z) MO is formed. 


*When lobes overlap destructively (+ and -), a pi 
antibonding (zx) MO is formed. 
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Ethylene Pi MOs 


- GQ? 
(antibonding) = @ I ‘ 


f 
i 
' 
i 
i 
Vf 
destructive 
overlap energy of the isolated 
Soo case Pp orbitals on C1 and C2 
eners x 
gy (bonding) = 


constructive 
overlap 


The combination of two p orbitals must give two 
molecular orbitals. 


°Constructive overlap is a pi bonding (z) MO. 
¢Destructive overlap is an antibonding (sx) MO. 
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x, MO for Buta-1,3-diene 


*Lowest energy 
°All bonding interactions 


Electrons are delocalized over four nuclei. 


bonding bonding bonding 


i 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 10 


a, MO for Buta-1,3-diene 


°Two bonding interactions 
°One antibonding interaction 
*This is a bonding MO. 


*Higher energy than z, MO and not as strong 


_ antibonding : 
bonding bonding 


™% 


node 
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a,* MO for Buta-1,3-diene 


°Two antibonding and one bonding interaction 
°Two nodes 
°Vacant in the ground state 


antibonding antibonding 
bonding 


node 
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x,* MO for Buta-1,3-diene 


*Three nodes 
°Strongly antibonding 
*Highest energy MO 


°Vacant at ground state 


all antibonding 


node node node 
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MO for Buta-1,3-diene and 
Ethvilene 


butadiene ethylene 


= *The bonding MOs of 
both buta-1,3-diene 


= | ie and ethylene are filled 
= | and the antibonding 


. MOs are empty. 


energy of 


Mrocssenesewieate Slane baer aaa 


isolated 


poriat * Buta-1,3-diene has 
lower energy than 


+ t+ ethylene. 
°This lower energy is the 


resonance stabilization 
of the conjugated 
diene. 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 14 


Conformations of Buta-1,3- 
diene 


The s-trans conformer is more stable than the s- 
cis by 12 kJ/mol (2.8 kcal/mol). 


*Easily interconvert at room temperature. 


‘3 H : alta: mild 
_ > : 
<=— nN interference 
H SH 
H H 
H H 
s-trans S-CIS 
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The Allylic Position 


Sc=cC ~~ H,C=CH—CH,Br H,C=CH—CH,OH cy 
is 
f= 


allyl bromide allyl alcohol allylbenzene 


allylic position 


°The allylic carbon is the one directly attached to 
an sp? carbon. 


°Allylic cations are stabilized by resonance. 
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Allylic Cations 


H,C—CH—CH,“Brr = [H.C “cu¢H, <> H,C—CH cH + Bee 
allyl bromide allyl cation 
oll H 
+ CH; + 
H,C=CH—CH—CH, _-C=CH— CH, 
CH 
: | . 
substituted allylic cations H 


°The positive charge is delocalized over two 
carbons by resonance, giving the allyl cation more 
stability than nonconjugated cations. 
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Stability of Carbocations 


H,ct < 1° < 2°, allyl < 3°, substituted allylic 
5+ : 


2 Ph + 
H,C==CH==CH, is about as stable as CH,—CH—CH, 


°Stability of 1° allylic ~ 2° carbocation. 
°Stability of 2° allylic ~ 3° carbocation. 
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1,2- and 1,4-Addition to 
Conjugated Dienes 


°Electrophilic addition to the double bond produces 
the most stable intermediate. 


°For conjugated dienes, the intermediate is a 
resonance-stabilized allylic cation. 


*Nucleophile adds to either carbon 2 or 4, both of 
which have the delocalized positive charge. 
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1,2- and 1,4-Addition to 
Dienes 


H Br ‘i i 
H,C=CH—CH=CH, + HBr > HC—CH—CH=CH, + H,C—CH=CH—CH, 
3-bromobut-1-ene 1-bromobut-2-ene 
1,2-addition 1 ,4-addition 


e Addition of HBr to buta-1,3-diene produces 3- 
bromobut-1-ene (1,2-addition) and 1-bromobut-2- 
ene (1,4-addition). 
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Mechanism of 1,2- and 1,4- 
Addition 


Step 1: Protonation of one of the double bonds forms a resonance-stabilized allylic cation. 


H H 
H. H H H 
Bro H* ‘Cac’ H — |H a of H <— 4H cf H| Be 
ioe = —C— Eo r 
sal Ww c=” | Nokc” | No c% 
os qos ON i: re 
H H H H H H 
allylic cation 
Step 2: A nucleophile attacks at either electrophilic carbon atom. 
H H 
| H 
naa ae : H.e-€ 7 ‘ . 
= an es 
ae S ‘a | 
H H H H 
1,2-addition 1,4-addition 
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Kinetic Versus Thermodynamic 


Control 


(80%) Bec 


H Br 


+ | °C 


H,C=CH—CH=CH, 


H Br 


(85%) H,C—CH=CH— 


| 
H 


(15%) i 


a (20%) Hyc—CH=CH—¢ 
HBr H 
40°C 


CH, 


CH, 
Br 


CH, 


* 
Br 
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(1,2-product) 


(1,4-product) 


(1,2-product) 


(1,4-product) 
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Kinetic Versus Thermodynamic 


fCaAantral (fantiniiaeal \ 
+(1,4) 
nh : 


energy 


CH, — a —CH=CH, 
Br 


12-product ene ~ 
Prete faster) CH, — CH = CH — CH,Br 


1 ,4-product 


(more stable) 
< > 


reaction coordinate 
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Kinetic Control at -80 ‘C 


° Transition state for the 1,2-addition has a lower E, 
because it is a more stable secondary carbocation. 


°The 1,2-addition will be the faster addition at any 
temperature. 


°The nucleophilic attack of the bromide on the C2 
allylic carbocation is irreversible at this low 
temperature. 


°The product that forms faster predominates 
(kinetic product). 


eBecause the kinetics of the reaction determines 
the product, the reaction is said to be under 
kinetic control. 
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Thermodynamic Control at 40 

°C 

°The 1,2-addition is still the faster addition, but at 
40 °C, the bromide attack is reversible. 

°The 1,2-product ionizes back to the allylic cation. 


°At 40 °C an equilibrium is established, which 
favors the most stable product. 


°The 1,4-addition is the most stable product 
(thermodynamic product) because it has a more 
substituted double bond. 


Because the thermodynamics of the reaction 
determines the product, the reaction is said to be 
under thermodynamic control. 
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Allylic Radicals 


°Stabilized by resonance. 


¢Radical stabilities: 


1°<2°<3°< 1° allylic 


° Substitution at the allylic position competes with 
addition to double bond. 


°To encourage substitution, use a low 
concentration of reagent with light, heat, or 
peroxides to initiate free radical formation. 
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Mechanism of Allylic 
ihitainn Reption 


f= hv 
Br—=-br => 2 Br: 
Le, 
Propagation steps: 
HH 
H H H 
Br — —= + HBr 
- 9 ws H H 
HH H H 
allylic hydrogens an allylic radical 
H H H 
<> —_ + Br- 
H H H continues 
H H H Br the chain 
allylic radical allylic bromide 
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Bromination Using 
N-Bromosuccinimide (NBS) 


O O 
HBr + N—Br —~> Br + N—H 
O O 
N-bromosuccinimide (NBS) succinimide 


eNBS provides a low, constant concentration of Br,. 


eNBS reacts with the HBr by-product to produce Br, 
and to prevent HBr addition across the double 
bond. 
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Allyl System 


°Geometric 
structure of the aiid 
allyl cation, allyl a 
radical, and allyl 
anion guy - 

BL SS i 
*The three p orbitals ee < 
of the allyl system H H 
are parallel to each oles 

mt bonding 


other, allowing for 
the extended 
overlap between 
C1-C2 and C2-C3. 
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Stability of Allylic Radicals 


Primary: CH;CH,—H —~> CH;CH,* 
Secondary: (CH3),CH—H —~> (CH;)2CH* 
Tertiary: (CH),¢—H —=> (CHg)3C: 


+ He 
+ H- 


Allyl: H,>C=CH—CH, 


@ Pearson 


H 


> H,C=CH—CH,: 


AH 423 kJ (+101 kcal) 

AH = +413 kJ (+ 99 kcal) 

AH = +403 kJ (+ 96 kcal) 

AH 372 kJ (+ 89 kcal) 
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Resonance Stabilization 


CH, cs CH=CH, + Br; —> [cH,—CHcHSCH, <> cH,—CH=cH—CH,] + HBr 


Phe il : resonance-stabilized allylic radical 
[Bo 


Wa pe ee en ee ee Il 
a os + i + Br 


Br Br 


(mixture) 
¢During propagation an allylic radical is formed 


that is stabilized by resonance. 


°Either radical can form the final product. 
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Bromination Using NBS 


i O O 
oH a © —Bt 
\ O O 


succinic acid succinimide N-bromosuccinimide (NBS) 


°A convenient bromine source for allyic 
bromination is N-bromosuccinimide (NBS), a 
brominated derivative of succinimide. 
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R—H + Bro —~> R—Br + HBr 


O O 

N—Br + HBr — N=H + Br 
O O 

NBS succinimide 
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Molecular Orbitals of the 
Allylic System 


i i i 
H 2 H H 2 H H. 2 H 
\J Cc wa Ne C wa _ Nt pCa a7 
; ‘a “¢ —_— cm “e = 5, cm “¢ 3: 
H H H H H H 
resonance forms combined representation 


eOne resonance form shows the radical electron on 
C1, with a pi bond between C2 and C3. 


The other resonance form shows the radical 
electron on C3 and a pi bond between Cl and C2. 
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Molecular Orbitals of the 
Allylic System 


mt bonding 


mt bonding 


°No resonance form has an independent existence. 
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Molecular Orbitals of the Allyl 
Radical 


energy of 
isolated — _ nonbonding 1, 
p orbital 


antibonding antibonding electrons in the 
Oi allyl radical 
antibonding Te + 2 nodes 73 | — 
J 1 
\ 
Hf <r 
nonbonding nonbonding 
~\ a 


1 node Ty + 


\ 
ft 


A\ 


aN 
bonding bonding 


bonding 7, th Onodes| Sim 


°The radical electron occupies the nonbonding 
molecular orbital. 
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MOs for the Allylic Species 


allyl cation allyl radical allyl anion 
(2 electrons) | (3 7 electrons) | (4 1 electrons) 


antibonding 1 


additional 
electron here 


missing an 
electron here 


energy of 
isolated — _ nonbonding 1, 


p orbital 


bonding 1, Ty 4] Ty 4] 
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S,2 Reactions of Allylic Halides 


and Tosylates 


°Allylic halides and tosylates react quickly by the 
Sy2 mechanism. 


¢The transition state of the S,2 mechanism is 
stabilized through conjugation with the p orbitals 
of the pi bond. 


*This transition state has a lower activation energy 
and explains the enhanced reactivity of these 
allylic species. 
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S,2 Reactions of Allylic Halides 


Sy? reaction on n-propyl bromide 


+ 
bi 


CH;—CH,\ aH Cu, 
Sy 7 |CH,—CH,— Cc" = 4 NH 
“¢ a cay ar CH;—CH, “H 
Br bo :Bri 
“Br BI 


transition state 
Sy2 reaction on allyl bromide 


oH/ H 
ee C_eoH _, 
H | 

Br 


transition state 
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S,2 Reactions with 
Organometallics 


Allylic halides and tosylates react with Grignards 
and organolithiums: 


H2C=CHCH2Br + CH3Li > H2C=CHCH2CH; + LIBr 
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Diels-Alder Reaction 


*Named after Otto Diels and Kurt Alder. They 
received the Nobel prize in 1950. 


The reaction is between a diene and an electron- 
deficient alkene (dienophile). 


¢Produces a cyclohexene ring. 


°The Diels-Alder is also called a [4 + 2] 
cycloaddition because a ring is formed by the 
interaction of four pi electrons of the alkene with 
two pi electrons of the alkene or alkyne. 
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Mechanism of the Diels-Alder 
Reaction 


Fi 
eg A (heat) C—Ww 
onal ——— i woe 
% 
“HA H 
diene Seo ahe 
electron-rich —_ electron-poor a cyclohexene ring 


*One-step, concerted mechanism 


°A diene reacts with an electron-poor alkene 
(dienophile) to give cyclohexene or 
cyclohexadiene rings. 
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Examples of Diels-Alder 
R = 2 Cc diene dienophile Diels—Alder adduct 


N H 


HC. Sc H H;C / 
ot Cc—C=N 
+ Cc — | | 
| C—H 
H3C Cc H;C \ 


pia 
H H i H 
fe) OCH oO 
— 
| Aw 
C C OCH; 
+ Ml — i 
C ~ 
ik Oks 
0” OcH; d 
7 O i fe) 
a Cc 
+ | b 
CH;07 H CHO me 
re) 
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Stereochemical Requirements 


eThe diene must be in s-cis conformation. 


*Diene’s C1 and C4 p orbitals must overlap with 
dienophile’s p orbitals to form new sigma bonds. 


*Both sigma bonds are on same face of the diene: 
syn stereochemistry. 
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Orbital Overlap of the Diels- 
Alder Reaction 


hE - 
( x - : SS 
H=¢ 
\ H 
C—H 
H | en 
diene 4 
w~ (Sa 
dienophile 
reactants 


@ Pearson 


— > 


VJ CAs 
CBS 
i we 


overlap begins 
as these orbitals 
come together 


v 


transition state 
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product 
blue = diene 
green = dienophile 
red = new bonds 
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s-Cis Conformation of the 


A a 
Dien ; 
| 
H Cc 
NAAN Cc H 
CoOL a “Cc 
4 ee H~ Sem 
i H 


s-trans (transoid) 


5-cis (cisoid) 
12 kJ/mol more stable 


The s-cis conformation can rotate around the C—C 
single bond to get the more stable s-trans 
conformation. 


°The s-trans conformation is 12 kJ/mol more stable 
than the s-cis. 
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Diels-Alder Rate for Dienes 


Diels—Alder rate compared with that of buta-1,3-diene 


~<— slower similar to butadiene faster —> 
H CH, 
CH, 
“~ ~CH3 oH a 
Cane. x © 
SCH was SS 
3 CH; 
(no Diels-Alder) H CH; 


*Cyclopentadiene undergoes the Diels-Alder 
reaction readily because of its fixed s-cis 
conformation. 


When the diene is sterically hindered, the reaction 
slows down even though the conformation can be 
s-cis. 

es-trans dienes cannot undergo the Diels-Alder 
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Stereochemistry of the Diels- 
Alder Reaction 


@ Pearson 


cis (meso) 
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7=COOCH, 


H 
‘COOCH, 


trans (racemic) 


trans (racemic) 
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Endo Rule 


[ a EB 
i gh YA) 
— new bonds 
me: le 4 forming CH, 
= ‘CH, overlap > H 
Zz a SoH Vf - VA % Pu exo 
0 ES WA — Cc — Hu a Cc. 
—, /-~H oe H endo 
a 
‘i ‘i H No /Hexo 
O=C endo 
i 
H 


transition state 


°The p orbitals of the electron-withdrawing groups 
on the dienophile have a secondary overlap with 
the p orbitals of C2 and C3 in the diene. 
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Examples of Endo Rule 


S rom 
+ I — 
f c. wf 
ae | 
exo O 
endo 
exo H 
endo p 
stereochemical positions 
of norbornene + O —_ H r 
endo 
ye) 
O Va 
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Unsymmetrical Reagents: 1,4- 
Product 


Formation of 1,4-product 


D Z D 
# LL AS but not 
SS WwW WwW D WwW 


1,4-product 1,3-product 


ae ; minus reacts 
Predicting this product with plus 


= a , = * Nl 
if H m oO 

diene dienophile charge-separated resonance forms 1,4-product 
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Unsymmetrical Reagents: 1,2- 
Product 


Formation of 1,2-product 


a 
+ lL but not 
SS 
D 


1,2-product 1,3-product 
Predicting this product 
t 
HCG. Ho 
€ H Cc 
Il aa = 
me Nc -H Jet /H a H 

| Il Il 

Gocu, C OCH; O 

diene dienophile charge-separated resonance forms 1,2-product 
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Solved Problem 1 


Predict the products of the following proposed Diels- 


Alder reaction. 
Ge 
an 
CH 
CH; SS em 3 
O 


Solution 5 
I 
oD. lds 
CH 
CH; CH; “a ; 
O 
1,4-relationship (major) 1,3-relationship (minor) 
(70%) (30%) 
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Solved Problem 1 (Continued) 


Predict the products of the following proposed Diels- 
Alder reaction. 


OCH, 
a 
me 
SS CN 
Solution (Continued) 
CH,O, H CH,O, JH 


“CN 
1,2-relationship (product) 1,3-relationship (not formed) 
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Pericyclic Reactions 


°The Diels-Alder reaction is an example of a 
pericyclic reaction. 


Woodward and Hoffmann predicted reaction 
products using their theory of conservation of 
orbital symmetry. 


*MOs must overlap constructively to stabilize the 
transition state. 
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Symmetry-Allowed Reaction 


butadiene HOMO 
f 


H, RI 
y, ° IN 

4 Ns 
Hy, a 3 Ras H 1 
Hw” _— ‘YH 


1 
1 
\ 
1 
i) 
ethylene LUMO 


*Diene contributes electrons from its highest 
energy occupied orbital (HOMO). 


*Dienophile receives electrons in its lowest energy 
unoccupied orbital (LUMO). 
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“Forbidden” Cycloaddition 


H™ 


Os H Hn,\ Fs H 
——S o~ LUMO Hw Se Hy 
1 
bonding antibonding 
4 interaction interaction 
UI 
oH Hn, wi H 
Cry HOMO Lg ae 


°[2 + 2] cycloaddition of two ethylenes to form 
cyclobutene has antibonding overlap of HOMO 
and LUMO. 
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Photochemical Induction 


| 
LUMO 
I te 
T* — + 1 
I 
33 hv, 171 nm 
o 
5 (686 kJ/mol) 
HOMO 
«|r T]) 
ethylene ground state ethylene excited state 


¢Absorption of correct energy photon will promote 
an electron to an energy level that was previously 


unoccupied. 
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[2 + 2] Cycloaddition 


LUMO 


bonding 


Photochemically bonding 
interaction 


allowed, but thermally interaction 
forbidden. 
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Ultraviolet Spectroscopy 


°200- to 400-nm photons excite electrons from a x 
bonding orbital to a z* antibonding orbital. 


Conjugated dienes have MOs that are closer in 
energy. 


eA compound that has a longer chain of conjugated 
double bonds absorbs light at a longer 
wavelength. 
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Comparison of Wavelengths 
Used in Spectroscopy 


Spectral Wavelength, A Energy Range, kJ/mol 
Region (kcal/mol) 
Ultraviolet 200-400 nm (2-4 x 105 cm) | 300-600 (70-140) 
Visible 400-800 nm (4-8 x 105 cm) | 150-300 (35-70) 
Infrared 2.5-25 um (2.5-25 x 10% 4.6-46 (1.1-11) 
cm) 
NMR (radio) 0.3-5 meters 2-40 x 10° (0.5-10 x 10° 
°) 
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a — a* for Ethylene and 


Bu*--“*-~-- 


energy 


@ Pearson 


LUMO) 


; 


ethylene 


a 


LUMO 


é \ 


cit! 


buta-1,3-diene 
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ground 
state 


excited 
state 


217 nm 
(540 kJ) 
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Obtaining a UV Spectrum 


reference cell 
with solvent 


source 


\ I. reference beam 
|=} faeces ee Ss Ed A — 
i I, sample beam detector 4 


se \ is dueeed printer 
monochrome a ae he plot of log (I/I,) versus A 


*The spectrometer measures the intensity of a 
reference beam through solvent only (/,) and the 
intensity of a beam through a solution of the 
sample (4). 


*Absorbance is the log of the ratio //f,.. 
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The UV Spectrum 


° Usually shows broad peaks 


eRead 4,,,, from the graph. 
eAbsorbance, A, follows Beer’s law: 
A= «cel 


where «is the molar absorptivity, cis the sample 
concentration in moles per liter, and /is the length 
of the light path in centimeters. 
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UV Spectrum of Isoprene 


absorbance 


(solvent = methanol) 
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Sample UV Absorptions 


@ Pearson 


TABLE 15-2 
Ultraviolet Absorption Maxima of Some Representative Molecules 


Isolated 


CH,=CH, O LEE 


ethylene cyclohexene hexa-1,4-diene 


i, 171 nm 182 nm 180 nm 


‘max * 


Conjugated dienes 


~ 


buta-1,3-diene hexa-2,4-diene cyclohexa-1 ,3-diene 3-methylenecyclohexene 
Nima? 217 nm 227 nm 256 nm 232 nm 
Conjugated trienes Conjugated tetraene 
OO O77 ~~ 
hexa-1,3,5-triene a steroid triene octa-1,3,5,7-tetraene 
Xmax? 258 nm 304 nm 290 nm 
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Solved Problem 2 


Rank the following dienes in order of increasing values of A,,,,. (Their actual 
absorption maxima are 185 nm, 235 nm, 273 nm, and 300 nm.) 


CO AL COGS 


185 nm 235 nm 273 nm 300 nm 


Nax® 


These compounds are an isolated diene, two conjugated dienes, and a 

conjugated triene. The isolated diene will have the shortest value of A,,,, (185 

nm), close to that of cyclohexene (182 nm). 

°The second compound looks like 3-methylenecyclohexene (232 nm) with an 

additional alkyl substituent (circled). Its absorption maximum should be 

around (232 + 5) nm, and 235 nm must be the correct value. 

°The third compound looks like cyclohexa-1,3-diene (256 nm), but with an 

additional alkyl substituent (circled) raising the value of A,,,,S0 273 nm must 

be the correct value. 

°The fourth compound looks like cyclohexa-1,3-diene (256 nm), but with an 

additional conjugated double bond (circled) and another alkyl group (circled). 

We predict a value of /,,,, about 35 nm longer than for cyclohexa-1,3-diene, so 
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Colored Organic Compounds 


Visible region 


400 500 600 700 750 nm 
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f-carotene 


-carotene: Amax = 454 nm (e = 140,000) 
absorbs blue, reflects orange 
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Colored Natural Products 


OH O 
HO CH,CH, 
HO 6 . OH 
OH O 
echinochrome A 462 nm, 497 nm, 533 nm cyanidin chloride 535 nm 
(red-sea urchin—a naphthequinone) (crimson-cherries and flowets-an anthoeyanin) 
9 fF 
CLK 
N 
ne) 
indigo 602 nm quercetin = 372 nm 
(blue—various plants—an indigoid) Gtedhoraige-erapes and onions-a flavons) 


OH 
STEREO OE QT SS 


HO’ 
zeaxanthin 452 nm, 483 nm 
(yellow-corn-a carotenoid) 
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UV-Visible Analysis in Biology 
and Medicine 


TABLE 15-3 
UV Absorptions of Common Ring Systems Found in Biomolecules 


H 
H N. Ss 

Cros ee Cle 
Zz | Y, 

gy gu eis 

benzene furan pyrrole pyridine pyrimidine _ purine 

max 255 nm 208 nm 324 nm 256 nm 240 nm 263 nm 

logige 2.4 3.9 4.47 3.1 3.4 2.9 


°UV-visible spectroscopy is nondestructive and 
exceptionally sensitive. 


°Can measure small concentrations of highly 
conjugated metabolites. 
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